Introduction
Business process simulation (BPS) is a tool that has it roots in the analysis of manufacturing systems, but is now being utilised to assist in the management of change in a variety of manufacturing and service settings. This paper explores the reasons for its increase in popularity and evaluates how it can be used to analyse change from a process perspective. The paper investigates, through a case study, both what the simulation method can bring to the analysis of business processes and how a business process approach to change can assist in making BPS a mainstream analysis tool.
BPS
Simulation in general covers a large area of interest and for clari®cation in this paper a short explanation is given of common terms used to describe this technique. Simulation can refer to a range of model types from spreadsheet models, system dynamic simulations and discrete-event simulation modelling. A ªdiscrete-event simulation modelº is one in which the state of the model changes at only a discrete set of time points (Schriber and Brunner, 1996) . Most discrete-event simulation modelling software is now implemented using a graphical user interface, using icons that are placed on the computer screen to produce a model. These are often referred to as visual interactive modelling (VIM) systems (Robinson, 1994a) . Because of the use of simulation in the context of business-process reengineering (BPR) and of other process-based change methods the technique is also referred to as BPS (Aguilar et al., 1999) which is the term used in this text.
BPS is used to assist decision making by providing a tool that allows the current behaviour of a system to be analysed and understood. It is also able to help predict the performance of that system under a number of scenarios determined by the decision maker.
Using BPS to analyse dynamic systems BPR has led to the widespread analysis of business processes using techniques such as¯ow charts, process maps and simulation software (Cheung and Bal, 1998 ). An important aspect of BPS is its ability to capture the dynamic (i.e. time-dependent) behaviour of a process. There are two aspects of dynamic systems that need to be addressed:
(1) Variability. Most business systems contain variability in both the demand on the system (e.g. customer arrivals) and in durations of processes (e.g. customer service times) within the system. The use of deterministic (e.g. average) values will provide some indication of performance, but simulation permits the incorporation of statistical distributions and thus provides an indication of both the range and variability of the performance of the process. This is important in customer-based systems were not only is the average performance relevant, but performance should not drop below a certain level or customers will be lost. Nordgren (1999) states ªWithout the recognition of the in¯uencing factors of variability on the development of queues, any approach to minimize queues is bound to failº. (2) Interdependence. Most systems contain a number of decision points that affect the overall performance of the system. The simulation technique can incorporate statistical distributions to model the likely decision options taken. Also the ªknock-onº effect of many interdependent decisions over time can be assessed using the simulation's ability to show system behaviour over a time period.
To show the effect of variability on systems, a simple example will be presented. A manager of a small shop wishes to predict how long customers will wait for service during a typical day. The owner has identi®ed two types of customer, who have different amounts of shopping and so take different amounts of time to serve. Type A customers account for 70 per cent of custom and take on average ten minutes to serve. Type B customers account for 30 per cent of custom and take on average ®ve minutes to serve. The owner has estimated that during an eight-hour day, on average the shop will serve 40 customers. The owner then calculates the serve time during a particular day: customer A = 0.7 40 10 minutes = 280 minutes; customer B = 0.3
Business-process simulation 409 40 5 minutes = 60 minutes. Therefore, the total service time = 340 minutes and gives a utilisation of the shop till of 340/480 100 = 71 per cent. Thus the owner is con®dent all customers can be served promptly during a typical day. The simulation model results below con®rm the above, using a time between customer arrivals of 480/40 = 12 minutes. The service time for customer would be as follows:
. average = 8.5 minutes;
. minimum = 5 minutes; and . maximum = 10 minutes.
However, in reality, customers will not arrive equally spaced at 12-minute intervals, but will arrive randomly with an average interval of 12 minutes. The simulation is altered to show a time between arrivals following an exponential distribution with a mean of 12 minutes. The owner was surprised by the simulation results. Service time for customer would be:
. average = 17 minutes;
. minimum = 5 minutes; and . maximum = 46 minutes.
The average service time for a customer had doubled to 17 minutes, with a maximum of 46 minutes. The example demonstrates how the performance of even simple systems can be affected by randomness. Variability would also be present in this system in other areas such as customer service times and the mix of customer types over time. The simulation method is able to incorporate all of these sources of variability to provide a more realistic picture of system performance. Aguilar et al. (1999) indicate how BPS could provide support in a process centred management approach to change. Table I provides an adaption of that model. The model shows the use of simulation not only to predict the performance of the ªto-beº design before resources are committed, but also to use the technique to construct a model of the ªas-isº state in order to understand the process and measure the variation that takes place in key performance measures.
The role of BPS in process change

Phase
Step In manufacturing, BPS has been used for many years and this is still its main application area (Hlupic, 1999) . However its application in service process design is becoming more widespread (Profozich, 1998) . Examples of use include banking (Verma et al., 2000) and hotel management (Aksu, 2001) . Following is a case study of the use of business process simulation in a custody of prisoner process.
Case study: the custody-of-prisoner process at a police force Background A thorough review of the information systems used within a police force was conducted and many shortcomings were found with the processes involved. Problems included too many police of®cers performing jobs that could be automated or performed by civilians and computerisation of processes at a local level leading to inef®cient information handling. It was envisaged that ef®ciency gains could be achieved by undertaking detailed process reviews on a force-wide basis. To undertake this review a business-led process review team was set up. Team members were chosen with a mix of operational, administration and information systems experience. The team was not part of the IT function but reported directly to senior management. The previous information systems review had identi®ed a number of priority areas for investigation including custody, case preparation, accounting and personnel. It was decided to focus on the custody operation ®rst because it is legally bound by nationally structured procedures. This would allow the team to gain experience in redesign before moving on to more loosely de®ned processes. The custody process under investigation includes the arrest process, from actual apprehension of a suspect, to processing through a custody suite (which contains booking-in, interview and detention facilities) to a possible court appearance. A number of different police roles are involved in the custody process including arrests by a police constable (PC), taking of personal details by a custody of®cer and supervision of persons in detention by a jailer. The ®rst objective of the study was to identify staff costs involved in arresting a person for a particular offence under the current design. The second objective of the study was to predict the change in utilisation of staff as a result of re-designing the allocation of staff to activities within the custody process. The case will be described using the steps outlined in Table I .
Step 1: build and communicate process map A process map ( Figure 1 ) was constructed after discussions with police staff involved in the custody process. As this process was legally bound, documentation on the order of processes and certain requirements such as meals, visits and booking-in details was collated. The main activities in the arrest process are shown in the process map. Each decision point (diamond shape) will have a probability for a yes/no option. The ®rst decision point in the Business-process simulation arrest process is whether to conduct a search of the location of the arrest. For all decisions during the arrest process an independent probability distribution is used for each type of arrest (e.g. theft, violence, drugs) at each decision point. The staf®ng rank required for each process is indicated above the process box. Personnel involved in the arrest process include the PC, custody of®cer, jailer and inspector. The role of each rank is indicated on the process map for each activity. The process map would normally provide the basis for a simple analysis of the process or form the basis of a work¯ow model. However in this case it provides information for the logic of the simulation model (i.e. how the process elements are connected). In the terminology of a simulation study the process map constitutes the conceptual modelling stage. In addition to the process logic contained in the process map, the simulation requires additional data in order to undertake a dynamic analysis of the system, rather than the static model represented by the standard¯owchart-type process map.
A sample of process durations should be collected from which a statistical distribution of the duration can be derived. Statistical techniques are used to ensure a suitable distribution and parameters are chosen. In this case a process duration distribution was derived for each type of arrest. To model the variability in process times a number of estimated times were collected from a number of custody of®cers. In addition videotapes of the booking-in and interview procedures were viewed and timings taken.
The demand level of each arrival type is estimated from which a statistical distribution for the ªtime between arrivalsº is usually determined. In this case data was gathered on the timing of arrests over a period of time from information contained within booking-in sheets. From this data the demand pattern was analysed for a typical police station during a day and for each day in a week. As expected, demand¯uctuated both during the day and differed between days in the week. It was decided to use historical data to drive the model due to the nature of the demand, with a number of arrests occasionally occurring simultaneously (as a result of a late-night brawl, for example!), which would be dif®cult to re¯ect using an arrival distribution. Additionally, the use of actual data would assist in model validation as model performance could be compared to actual performance over the period simulated. This approach was feasible because the focus of the study was on the investigation of the comparative performance between different con®gurations of custody operation rather than for use as a forecasting tool.
Most processes will consume resource time, which may be of a machine or person, and these resources need to be identi®ed and their availability de®ned. If the resource is not available at any time, then the process will not commence until the resource becomes available. In this case the main resources are PC, custody of®cer and jailer.
Step 2: measure and analyse process performance In order to measure and analyse process performance a business process simulation was constructed using the ARENAe simulation system (Kelton et al., 1998) . This system uses icons (representing processes) that are placed on a screen area. The icons are connected by links to represent the logic of the process. Process duration and resource allocation to processes is made by double-clicking a process icon and entering data in the pop-up menu dialog. An animated display is constructed by using an in-built graphics package, which permits the construction of background (static) elements such as the process layout schematic and animated (dynamic) elements which move across the screen. Figure 2 shows the custody display that consists of representations of the main custody area facilities (i.e. booking-in desk, interview rooms and cells) and the dynamic elements (i.e. arrested persons and police staff) that move between the custody facilities.
Before the model results are recorded model behaviour must be checked to ensure that the model is providing valid results. Veri®cation is analogous to the practice of ªdebuggingº a computer program. This is accomplished by techniques such as a structured walkthrough of the model code, test runs and checking of the animation display. Validation is about ensuring that model behaviour is close enough to the real-world system for the purposes of the simulation study. To achieve this the model builder should discuss and obtain information from people familiar with the real-world system including operating personnel, industrial engineers, management, vendors and documentation. Also the technique of sensitivity analysis, to test the Business-process simulation behaviour of the model under various scenarios and compare results with real-world behaviour, can be used. Once the model had been validated, it was run over a set time period and results collected. At this stage the model is simply reproducing the behaviour of the current process. This ªas-isº model provided a visual representation of the whole process, which was important to provide a consensus that the model provides a convincing representation of the process. Demonstration of the model between interested parties provided a forum for communication of model behaviour and helped identify any anomalies. In this study the aim of the model was to identify the main sources of cost in the system and thus provide strategies which would enable cost to be reduced. At present a budget-based approach meant that costs were not allocated to activities within the process. Each time a process was activated in the model by an arrested person being processed through the custody system a cost was calculated by multiplying the activity duration by the cost per time unit for the resource allocated to that process. The initial analysis aimed to identify the cost incurred for each type of arrest incorporated in the model. The results of the analysis are shown in Table II .
The cost for each arrest type is a function not only of the number of arrests but the likelihood of an arrest leading to interview, detention and court procedures. In this case relatively trivial theft offences (usually involving children shoplifting) are causing a heavy workload and thus a high cost. Thus a driving factor behind the overall cost structure has been identi®ed. A possible way of reducing cost could be to decrease the theft activity through crime prevention activities for example. Greasley (2001) provides more details of the use of the simulation in conjunction with the Activity Based Costing (ABC) technique.
Step 3: develop future process design In this case the ªto-beº model was used was to explore the reduction of staf®ng cost by re-allocating staff roles to processes. By estimating resource costs, in this case staff wages, it was possible to estimate the effects and feasibility of proposals to re-allocate and civilianise staf®ng duties within the custody process. Greasley and Barlow (1998) outline the effect of civilianisation of certain staf®ng activities.
Step 4: enable and implement future process design Once a future process design has been decided, the simulation helps to implement this change in a number of ways. The graphical display provides an excellent tool with which to communicate the process to stakeholders such as management, customers and the workforce. The ªbeforeº and ªafterº graphic displays can be used to show how the changes will effect the process in practice. Also the display of the new process design can be utilised to train staff in the new operation and provide then with an overview of process behaviour which enables them to see the relationship between a particular process activity and the overall process behaviour.
The graphics are complemented by performance measures to quantify before and after performance and thus demonstrate potential improvement. In the custody of prisoner case, measures of staff utilisation were important in demonstrating the feasibility of the re-allocation of tasks between staff. The Business-process simulation ®gures also quantify potential savings in the utilisation of police staff time, enabling plans to be made for the re-allocation of staff time to other duties. In the analysis of workload in terms of arrest types, cost was used as a measure of the aggregated staff resource allocated to each arrest type that is serviced by the police. The simulation analysis could take account, not only of the number of arrests of each type, but the variable number of processes (e.g. interview, court appearances by PCs) that each arrest triggered. The modelling of the complexity of interdependencies between arrest processes and the variability of arrest demand allowed an accurate picture of where cost/effort was being spent. These ®gures provided an impetus to focus expenditure on programmes, such as crime prevention, which could have a substantial effect on cost/effort and could free resources to provide an improved overall performance.
Discussion
Authors have differing opinions of the usefulness of business process simulation or simulation software in the context of business process reengineering projects. For example, Petrozzo and Stepper (1994) outline how BPS helps understanding of process dynamics whilst Peppard and Rowland (1995) are wary of the use of simulation analysis in the redesign stage due to the potential time and cost involved in building the model. This section discusses the bene®ts and limitations of BPS in the context of the case study project and also outlines what contribution a BPR approach can make to the successful use of the simulation technique.
Bene®ts of BPS for BPR
The main advantage of the BPS analysis is that it allowed the incorporation of variability and interdependence factors in order to obtain an accurate outline of process performance. For instance the cost per arrest type could not be determined from the process map alone because this gives no indication of the likelihood that a particular sequence of events (e.g. interview, cells, court appearance) would occur for a particular arrest type. The simulation could predict process performance along a number of measures such as lead-time, resource utilisation and cost. In this case a cost element was used to estimate expenditure by staff role, process and arrest type. Efforts were then made to reduce cost across these three aspects by civilianisation, process redesign and crime prevention activities respectively. Once built, the BPS allowed analysis of many potential new designs through its ªwhat-ifº capability with little extra effort. For example a number of booking-in process redesigns could be analysed in advance using the model, before implementation. Another bene®t was provided by the visual animated display which provides a communication forum to both validate the model and to explain the operation of redesigned activities and their role in overall process performance to staff. Bell et al. (1999) report on the generally high level of support and BPMJ 9,4 interest in visual interactive models by decision-makers. In some instances it may be that due to a lack of input data the BPS is used, not for a detailed quantitative analysis, but to facilitate discussion and ideas by the use of the visual interactive display (Robinson, 2001) .
Limitations of BPS for BPR
A major barrier to many organisations in using BPS is the preparation needed in the successful introduction of the technique to the organisation. In order to overcome this Harrington and Tumay (2000) provide a four-phase model which provides a detailed plan for a successful introduction and continued use of simulation in the organisation. A particular emphasis is placed on the need for a simulation sponsor who disseminates information of the technique, as well as the training of users on simulation software.
The potential that process mapping will lead to too much emphasis on operationalising existing processes, rather than conceptualising a new design has been recognised (Cotoia and Johnson, 2001 ) and BPS could be said to increase the scope for over-analysis. However, it should be recognised that when estimating the amount of resource required to construct a BPS, that there should be no attempt to model every aspect of the area of study, but the level of detail and scope of the model should be judged according to the study objectives (Robinson, 1994b) . Thus building a sophisticated model must not become the objective of the exercise, the model should be built with just enough detail to provide information on which to make decisions.
One limitation of BPS in the context of BPR projects is that the BPR team must be careful not to create a ªto-beº design based solely on ªtweakingº the ªas-isº simulation model. ªSimulation is most useful in comparing`as-is' and to-be' models, and validating and ensuring the completeness of the`to-be' process model. Beyond this simulation has limited ability in creating a`to-be' modelº (Levas et al., 1995) . Thus simulation will not create a new design and design ideas should not be constrained by the complexity of changing the model to simulate the new design. Design ideas should drive simulation design, not the other way around.
Finally Fathee et al. (1998) note that simulation is most useful for the analysis of stable business processes and less useful for dynamic systems that do not reach equilibrium. This may point to potential dif®culties in statistical analysis of service systems that are less likely to reach equilibrium than a manufacturing process.
Discussion of BPR for BPS
While BPS can bring the above facilities to a BPR project, BPR in turn can provide a framework for BPS implementation. BPS and process based change methodologies such as BPR have a number of characteristics in common. For instance they both use as a basis for analysis the process map that shows the interrelationships between activities within a process. This approach facilitates Business-process simulation communication of the whole process, across organisational boundaries using the visual medium of the process chart. Thus both BPR and BPS have a process orientation and use the process map as an analysis tool. Robinson (2001) states that BPS is not a methodology in itself but a technique that can be used to support a chosen methodology. Thus the BPR methodology could provide direction for the design of the ªto-beº process and ensure that the BPS study objectives are linked to the strategic objectives of the organisation. The importance of the link between strategy and business process redesign has been recognised by Harrison (1998) :
Focus on processes that do not affect the ®rm's strategic future misdirects scarce resources into doing the wrong things right, or into reengineering processes in a way that is insensitive to their competitive contribution.
Another aspect that a process-based change approach can bring to a BPS project is the need to understand human factors such as culture, motivation and leadership style in the implementation of change (suggested by authors such as Buchanan (1998) and Campbell and Kleiner (1997) ). For example Buchanan (1998) rejects a ªblank sheetº approach to reengineering as a result of analysis of process change in a NHS hospital. Here a ªfresh startº approach to reengineering is seen as impractical in an organisation with other organisational priorities (e.g. the implementation of change triggered by shifts in government policy) and barriers to change rooted in the sector's history and culture. However a process-based change approach which takes these organisational context issues into consideration is seen as potentially consistent with a creative and participative approach to organisational development. In this case a process-based methodology can provide a framework to ensure realistic design scenarios are analysed by the simulation and assumptions made in the model building process (for example regarding the allocation of work roles) take account of the overall organisational context within which the change is taking place.
Future research
Although simulation software is increasingly sophisticated and user friendly, a manufacturing/engineering background has limited its use in the service sector, where it would seem to be an ideal tool for analysing customer processing applications. The use of process-based change methods provides an opportunity to widen the use of simulation and utilise its ability to analyse variability factors leading to a more accurate view of process performance and allow different designs to be tested reducing the risk of change. The custody study is intended to show how BPS can be incorporated into a process change methodology. However, in interpreting the results from the study, the unique culture of the police force and characteristics of the custody process need to be considered. The custody process is based on a number of rules, often laid down in legislation, covering the arrest process. These facilitate the model building BPMJ 9,4 process, but other service processes may be more ill-de®ned in such areas as the allocation of staff to work roles and the process¯ow of people through the system. Thus more case studies showing the use of simulation in a variety of organisational contexts in the service sector are required. These need to show the bene®ts, not just of the statistical analysis, but the relationship between BPS and a process-based approach to change.
Conclusion
BPS is entering the mainstream of process improvement tools, in part on the back of process-centred change methodologies such as Business Process Reengineering. It is generally accepted that the process perspective can deliver bene®ts and BPS can improve the chance of success by providing a tool for quantitative analysis. The process-based change methodology can provide context to the technique in that it connects the aims of the BPS study to the strategic objectives of the organisation and incorporates the consideration of human factors in order to achieve successful implementation of redesigned processes. Conversely, the ability of BPS to incorporate system variability, scenario analysis and visual display of process performance makes it a useful technique to provide a realistic assessment of the need for and results of change.
